Self-incineration is one of the most dramatic and lethal suicide methods. It is rarely reported in Western countries and is more frequent in developing regions. We illustrate the forensic cases of self-immolation occurring over 24 years in the city of Milan, Italy, highlighting the main issues of such a complex and rare suicide. We selected 33 cases of selfincineration among 23,417 autopsies (4022 suicides) performed at the Department of Legal Medicine of the University of Milan over a period of 24 years . Several parameters were included and analysed: gender and age of the victims, pathological history, previous suicide intentions/attempts, duration of burning, place of death or discovery of the corpse, circumstantial data of fatal events and autopsy findings, with particular attention to thermal injuries. Self-incineration was found in 0.8% of total suicides and 0.14% of total autopsies. One of these cases involved a complex modality (association with plastic-bag suffocation). The typical characteristics of the victim were an Italian man with psychiatric illness, frequently moved by passion, existential discomfort and economic problems. During the 24-year period, the number of cases of self-incineration progressively reduced. This study provides a general overview in one of the biggest metropolitan Italian areas and is one of the few works performed on this topic. It may be helpful in understanding and studying such an unusual manner of suicide.
Introduction
Suicide by fire 1,2 is widely described in literature, and its interpretation is closely linked with religion, culture, politics and maltreatment. 3 In some ancient cultures, a painful death in the flames was seen as an atonement of earthly faults for the divine-religious significance of fire, 4 while nowadays its use beyond the normal domestic applications (heat, light and energy) in selfimmolation can be attributed to behavioural disorders 5, 6 or to public protest against political regimes.
7,8
On this matter, in 1963, attention was raised in Saigon by the suicide of the Buddhist monk Thich Quang Duc, who set himself on fire in a public square to protest against anti-religious government policies. 9 A similar case was that in 1969 of patriotic Czechoslovak student Jan Palach who burned in Wenceslas Square for political reasons. 7 In Italy, the most striking case was the suicide of the Sicilian writer Alfredo Ormando, who set himself on fire in St. Peter's Square in 1998 in protest at the Catholic Church's attitude towards homosexuality.
Today, in high-income Western countries, 10 this form of suicide, though rare [11] [12] [13] [14] [15] [16] [17] (1% of all suicides), has shown an increase in recent years. 13, [18] [19] [20] [21] It is more frequently practiced 10 in developing regions 22 (40-71%). In some scenarios, this modality represents a wide medical-social problem 23 that is also seen in some regions of Southern Asia, where young widows still practice the ritual of sati, setting themselves on fire 1 Sezione di Medicina Legale e delle Assicurazioni, Laboratorio di Istopatologia Forense, Dipartimento di Scienze Biomediche per la Salute, Facoltà di Medicina e Chirurgia, Università degli Studi di Milano, Italy 2 Medicina Legale -Azienda Ospedaliera Spedali Civili di Brescia, Italy beside deceased husbands, or, moreover, that of 'dowry death', where they are murdered or driven to suicide by harassment and torture by husbands and in-laws in an effort to extort an increased dowry. 11, 21, 24 Several scientific reports in Italy [25] [26] [27] [28] [29] [30] [31] [32] [33] illustrate selfimmolation. It is more frequent in central regions, 34 especially among African and Middle East migrants 35 who chose self-immolation for atonement of guilt or religious purposes. 36 In several cases described in the north-eastern regions 37 and Northern Italy, 38 self-burning acts have been described in patients with disabling infectious diseases or severe psychiatric disorders.
Complex suicides by other methods in addition to self-burning [39] [40] [41] are extremely rare. They generally deal with highly articulated tendencies that involve a fall from a height, 14 14, 43 This study illustrates the investigative findings of self-immolation suicides occurring in the jurisdiction of the Department of Legal Medicine of Milan (Italy) over a period of 24 years (1 January 1993-31 December 2016).
Materials and methods
The analysis for the search of all cases of selfimmolation was carried out on the autopsy reports of the Department of Legal Medicine of the University of Milan over a 24-year period (1 January 1993-31 December 2016) and was structured in two phases.
In the first phase, the data were obtained from the examination of the documents where all the information was gathered, prior to and after the autopsy, in order to reconstruct epidemiological, physiological and psychological profiles. The data subjected to analyses were: nationality, gender and age, year, month and time of death, previous suicide intentions/attempts, pathological history and use of drugs, place of occurrence and methods used to commit suicide.
In the second phase, autopsy reports were examined, paying particular attention to the cause of death, macroscopic lesions and their number divided by anatomical regions as well as methods used to commit self-immolation.
Finally, all cases were supplemented by the results of toxicological and histopathological forensic examinations.
Results
During the 24-year time period, a total of 23,417 autopsies were performed, comprising 4022 (17%) suicides, among which 33 cases of self-immolation were detected (0.8% of the total suicides and 0.14% of the total autopsies performed in this time range). Only one case was associated with plastic-bag suffocation.
Epidemiological analysis
Nationality, sex and age. All 33 victims were Caucasian, with 32 cases being Italian and one Albanian. Twentyfour (73%) were males, and nine (27%) were females, with a male:female ratio of 2.6:1.
Victims from all age decades ( Figure 1 ) were involved in self-immolation, ranging from 11-20 years to >90 years, with an average age of 48 years. In females, the average age was 45 years, while in males it was 49 years. Most deaths occurred in the 51-60 age range (11 cases; 33%), followed by the 31-40 age range and the 41-50 age range (five victims each).
Time analysis
Year, month and time of suicides. With the exception of 1993 where the maximum number of suicides was recorded (10 cases; 30% of the total), the time course of events showed a general unstable trend, attesting a maximum number of victims of two (1996, 1997, 2006, 2007, 2012 and 2015) . In six years, no victims of selfimmolation were recorded (1995, 2000, 2005, 2009, 2011 and 2013) .
Monthly trends showed the largest number of events in summer (seven cases; 21% in July) and winter (three cases; 9% in November, December and January), and then fluctuated in the remaining months.
Twenty (61%) cases occurred late in the evening or at night, 20:00-08:00, while a minority of victims (seven cases; 21%) chose daytime hours (08:00-20:00). In the remaining cases, the data could not be accurately obtained because of a lack of documentation.
Psychopathological analysis
Suicide intentions and attempts. In order to understand the psychopathological condition of the victims better, data were analysed in relation to previous suicide intentions or attempts. Twenty-two (67%) victims had already tried to commit suicide, in 11 cases with firearms, in nine cases by ingestion of drugs and in two cases by drowning. Nine (27%) victims had already revealed suicide intentions to relatives and acquaintances. With regard to the analysis of the psychological discomfort in which no previous intentions or attempts were detected, the suicidal act was also reported as unexpected and unexplainable by the members of the family.
Suicide reasons. In the data analysis, the motives declared by the family members or reported by the same victims before death (i.e. with suicide notes) were also taken into account. The reasons described were: psychiatric diseases (four victims; 2%), 'passive' reasons (divorce/abandonment by partner in four victims; 12%), general life discomfort (two victims; 6%) and economic problems (loss of work in two victims; 6%). In the remaining 21 cases, the motive remained unknown. No victim declared any religious, cultural or political motivation.
Analysis of the pathological history of the victims. Suicide victims were also investigated in relation to pathologies, classifying the individual disease records of 22 (67%) victims in two categories: generic (three victims; 14%) and psychiatric (19 victims; 86%) . Among the first, cardiovascular disease (hypertension), genetic (cystic fibrosis) and chronic (chronic obstructive pulmonary disease) have been documented without any specific prevalence. Among psychiatric victims, depressive syndrome was observed in 16 (84%) cases, followed by schizophrenia, bipolar disorder and gambling addiction.
In 11 (33%) cases, depression alone was associated with other diseases, such as anorexia, psychosis, hypertension and diabetes (two cases for each category), and Parkinson's disease, HIV infection and alcoholism (one case for each category).
Pharmacological treatments. Twenty-seven (82%) victims were following pharmacological therapies. Out of this group, 24 (7.4%) used a single drug of the generic type (i.e. anti-hypertensives and bronchodilators) and 22 (81.4%) of the psychiatric type (anxiolytics in four cases, antipsychotics in one case and antidepressants in 17 cases). The other three (11.2%) victims were taken combined generic and psychiatric therapy (anxiolytics associated with antidepressants, anti0hyperten-sives and lithium).
Analysis of the place of occurrence
The place of occurrence was classified in two environments: home and outdoor. A total of 17 (52%) suicides occurred at home, with 13 cases in the bedroom, three cases in the garage and one case in the cellar. Sixteen (48%) cases occurred outside, with six cases occurring in cars, four on urban roads and four in parks and fields. Among cases occurring in public places, two cases occurred within hospitals.
Forensic pathological data
In all cases, death occurred by means of complete carbonisation in nine (27%) cases, multi-organ failure in one (3%) case and by burns that extended from 80% to >95% of the body in 23 (70%) cases. Self-burning alone was present in 32 (97%) cases and self-burning in association with plastic bag suffocation in only one (3%) case -that of a 60-year-old depressed woman who killed herself by means of a brazier containing burning charcoal placed on her feet, then wrapping herself in a woollen blanket and pushing her head into a plastic bag. Thermal lesions had multiple locations in all cases.
Along with soft-tissue injuries (Table 1) , the contractile retraction of the muscles of the four limbs, with the typical 'pugilistic attitude', was found in >50% of the cases. Burns were prevalent, followed by complete carbonisation. During autopsy, all the victims showed dark-red blood. Nineteen per cent had clots in the veins of the dura mater; internal thermal lesions were classified in relation to topography (head, respiratory tract, heart, digestive tract and urogenital tract) and typology ( Table 2) .
In general, methaemoglobin in the blood was detected in 81% of cases. Regarding parenchymal organs (encephalon, lungs, heart, liver, spleen and kidneys) and hollow organs (oesophagus, trachea and intestines), several features related to the effect of fire were detected: retraction/burning, intense congestion, oedema and soot in the upper and lower respiratory tract (36% of cases). The presence of soot has been considered as a typical sign of 'vitality'.
Effects on the central and peripheral nervous system have been proven in 22 (67%) cases, with opacity, congestion, abrasions and changes in the consistency of the organs, especially the brain, which appeared compact, dry and 'pasty'.
The thoracic area was involved in all cases, with hyperaemia of the chest muscles and oral-laryngotictracheo-bronchial mucosa, congestion, oedema, appearance of 'boiled meat' and inner organs burns with partial or total dispersion. Cardiac alterations were found in seven (21%) cases, with burns and congestion of the pericardium and the myocardium.
The abdominal area was affected in 16 (49%) cases, with hyperaemia and burns to the abdominal muscles and peritoneum, congestion, and burns to the parenchymal and hollow organs. In three (9%) cases, Curling's peptic ulcers were present.
The urogenital tract was involved in 11 (33%) cases with hyper-thermic lesions and renal congestion.
Types and characteristics of the methods used for self-immolation
A method whereby flames came into direct contact with garments was used in 11 (33%) cases, while in 21 (64%) cases, the victims got undressed and sprinkled themselves with propellants such as gasoline (11 cases; 33%) or ethyl alcohol (five cases; 15%) or saturated the environment with butane (four cases; 12%) before igniting the fire.
In the only case of complex suicide, a female placed her feet in a brazier containing burning wood, covered her entire body with a blanket of raw wool and finally placed a plastic bag on her head.
Toxicological results
The determination of carboxyhaemoglobin (HbCO) was requested by the investigating magistrate in 25 victims and was determined by an AVL-912 co-oxylite oximeter on cadaveric cardiac blood.
Results were negative in the eight cases that occurred in open spaces: two in public parks, two in fields and four on urban roads. A total of 17 victims showed changes in the concentration of HbCO: 11 with a concentration >33% and six with a concentration >50% (carbonised victims within cars).
Complete toxicological examinations on fluids (blood, urine and bile) and organs (brain, lung, kidney and liver) were performed on these 25 cases, with only three positive results for the use of clotiapine, amitriptyline and zolpidem in therapeutic concentrations.
The blood alcohol concentration determination was also performed in the same victims, of which 22 were negative and three positive, with elevated blood ethanol values between 1.20 and 2.98 g/L (maximum value). The latter was detected in a 42-year-old, who had burnt his garments with ethanol before setting himself on fire, causing a blaze in his home along with several houses nearby. The search for drugs was negative in all the victims.
Histopathological results
Microscopic observation with basic haematoxylin and eosin and Goldner's trichrome staining, the skin showed areas of complete or partial carbonisation, as well as peri-muscular soft tissues, dissociation of muscle fibres and wide vacuolisation, and full disappearance of subcutaneous adipose tissue due to carbonisation.
The internal organs had more or less complete areas of carbonisation, with black and homogeneous material on the outer surface, widespread underlying protein coagulation and almost complete disappearance of the nuclei.
Gross intra-parenchymal lacerations of the organs were present, along with vacuolisation and pycnosis, intense cytoplasmic homogenisation and blurring or disappearance of the cellular outlines.
Discussion
In cases of self-incineration, a thorough reconstruction of events is often difficult 16 and a crucial challenge is the assessment of vitality to exclude incineration to conceal a homicide.
14 An important feature may be the presence of soot within the upper and lower airways, 44 sign of vital aspiration, 45 as well as the effects of combustion, 46 which can hinder evidence on the body and on the surrounding environment. 2 If a victim was set afire when still alive, the effects may be visible at autopsy in the pharynx, laryngeal mucosa and oesophagus, 21, 24, 47 with detachments of the mucosa, oedema, burning spots and vesicles. 14 The suction of soot micro-particles and the presence of concentrations of HbCO >10% are considered to be related to a vital inspiration but , 48,49 50 both can be lacking, in some cases 45 of clear evidence of fire occurring in living victims. In our cases, 36% had soot deposits with macroscopic analysis of the respiratory tract, up to the smallest bronchi, and associated with high levels of carboxyhaemoglobin.
With regard to the action of the gases generated by combustion, previous literature has highlighted that the main cause of death would be related to carbon monoxide intoxication or carbon dioxide/oxygen deprivation, rather than to the direct action of heat and flames. 51 The present study is in constrast with some international reports that identify self-burning victims 16, 52, 53 in women with marital and familial painful experiences, 18 with a prevalence of males (ratio 2.6:1), consistent with other international reports where victims are predominantly males, [13] [14] [15] 44, [54] [55] [56] native Caucasians (i.e. in the present study, 32 Italians and 1 Albanian) with a history of mental illness or substance abuse. 20 The events occurred mainly in the victims' homes or within their own cars. This confirms how, in the planning of the act, victims may have chosen isolated places and nocturnal hours. 55, [57] [58] [59] [60] This may perhaps be related to an increase in depressive and anxious syndromes at these times of the day. 14 Few reliable data exist to explain the choice of such a spectacular and painful manner of suicide. Some authors 53 consider it to be related to many different factors, such as the socio-economic context 61 and the cultural background. 10 In our sample, the predominant motivations, similar to other studies, 44, 55, 59 were relationship problems, life discomforts and economic problems. No case was related to religious issues or political protest.
The victims of the present study used flammable substances (gasoline, alcohol and butane) to fuel combustion. [62] [63] [64] This seems to be related to domestic habits 14 and thus to easily available propellants, 11, 24, 57, 64 as stated by several European reports 19, 55 which identify gasoline as the most frequent fuel, as well as Asian 11, 21, 24, 57 and African 59, 64 reports that highlight the use of kerosene.
Similar to other cases reported in literature, 15, 34, 37, 44, 59, 60, 63, 65, 66 97% of our victims (19 with single disease and 11 with multiple pathologies) had a history of psychiatric disease, with pharmacological treatment in 25 (93%) cases.
Alcohol and medicines have been found in a minority of cases, suggesting the only a marginal role played by these substances. 44, 58 In conclusion, this study focuses on the data gathered by a series of 33 cases of self-immolation that occurred in Milan across a broad time span, identifying psychopathological disorders as a major trigger factor. The study provides a general view in a geographically circumscribed context that can help in better understanding the dark side that still characterises it.
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